Prevalence of antibody and risk factors to hepatitis E virus (HEV) infection were determined in a cross-sectional study of 2 group-matched populations: swine farmers (n ¼ 264) and persons without occupational exposure to swine (n ¼ 255) in Moldova, a country without reported cases of hepatitis E. The prevalence of HEV infection was higher among swine farmers than among the comparison group (51.1% vs. 24.7%; prevalence ratio, 2.07; 95% confidence interval [CI], 1.62-2.64). In multivariate analysis, HEV infection was associated with an occupational history of cleaning barns or assisting sows at birth (odds ratio [OR], 2.46; 95% CI, 1.52-4.01), years of occupational exposure (OR, 1.04 per year; 95% CI, 1.01-1.07), and a history of drinking raw milk (OR, 1.61; 95% CI, 1.08-2.40). HEV infection was not associated with civilian travel abroad or having piped water in the household. The increased prevalence of HEV infection among persons with occupational exposure to swine suggests animal-to-human transmission of this infection.
Hepatitis E virus (HEV) infection is a major cause of viral hepatitis in many developing countries. Areas in which large outbreaks of hepatitis E have occurred (e.g., the Indian subcontinent, China, Central Asia, and Africa) have been considered to be endemic for this infection, whereas areas where only sporadic cases have been reported (e.g., Turkey, the United States, and the United Kingdom) have been considered to be nonendemic [1] .
Transmission of HEV infection during outbreaks primarily occurs from contaminated water [1] [2] [3] . However, unlike other enterically transmitted infections, person-to-person transmission of HEV appears to occur infrequently [4] , low rates of infection occur between epidemics, and the reservoir for infection is unknown.
HEV infection has been demonstrated in swine, rodents, and sheep [1, 5] , and an HEV that is closely related to human HEV was identified among pigs in the United States [1] . We report the results of a cross-sectional study conducted in Moldova, an area that is not endemic for hepatitis E, to assess whether close contact with swine is a risk factor for HEV infection.
Methods
Study design and study population. A cross-sectional survey to determine the prevalence of antibody to HEV (anti-HEV) was conducted in 2 populations: swine farmers (occupational exposure group) and persons without occupational exposure to swine (comparison group). The study was conducted between October 1997 and March 1998 in Moldova, where no hepatitis E cases have been reported [6] . The employees of 4 farms, selected at random from 18 commercial swine farms with a total of 954 workers, were enrolled in the occupational exposure group. The comparison group was group matched, resided in the same area as the occupational group, had no occupational contact with swine, and was randomly selected from factory and clerical workers, health-care personnel, and volunteer blood donors. After informed consent was obtained, all participants answered a standardized questionnaire and gave a blood specimen that was separated into serum and stored at 220
C until tested at the Centers for Disease Control and Prevention (CDC) for anti-HEV. Demographic and risk factor information was obtained with the questionnaire. Detection of anti-HEV. Anti-HEV was detected by EIA, using a mixture composed of a recombinant mosaic protein (MPr) that contained antigenic determinants of HEV open-reading frame (ORF)-2 and ORF-3 [7] and a complete ORF-2 baculovirus-expressed protein (55k) as the target antigen [8] . The target antigen mixture (MPr55k mixture), which contained 15 ng of MPr and 20 ng of 55k protein in PBS, was adsorbed to flat-bottomed wells (Immulon 2HB Styrene Immunoassay Plates; Dynex Technologies) at room temperature for 16-18 h. Detection of IgG anti-HEV in serum specimens was performed as described elsewhere [9] .
A standard negative control that consisted of pooled serum specimens obtained from anti-HEV-negative healthy persons from a non-hepatitis E-endemic region [10] and a positive control that consisted of anti-HEV-positive pooled serum specimens obtained from patients during outbreaks of hepatitis E were run with unknown specimens in each assay. A reactive specimen was defined as having an optical density (OD) greater than the cutoff value for the assay, which was determined as described elsewhere [9] . The cutoff value for each run was equal to an OD of 0.1, or 3.1 times the mean of the negative control assay OD. In each plate, the OD value of the positive control diluted 1:500 had to be 5 times higher than the OD value of the mean negative control assay but not ,0.5.
The OD signal-to-cutoff (S/C) ratio was derived for each point of an end-point titration curve of a serum specimen from a convalescent patient with hepatitis E (data not shown). The S/C ratio of the proportional response of the assay had a range of 1-11; specimens with S/C ratios >12 were diluted to obtain a reading within the proportional range. The proportional decreases in S/C ratio and anti-HEV IgG titer were considered to be a measure of HEV antibody level.
Data analysis. For univariate analysis, statistical testing was done using the Pearson x 2 test with Yates's continuity correction, the Mantel-Haenszel x 2 test, or the x 2 test for trend, as appropriate. Exact 95% confidence intervals (CIs) or zylor series approximate 95% CIs were calculated, as appropriate. The Kruskal-Wallis test was used to compare the median ages of the occupationally exposed and reference groups and to compare the median S/C ratios for reactive specimens by age, exposure to swine, duration of exposure, and factors that were associated with a significantly higher prevalence of anti-HEV. Univariate analysis was done by use of Epi-Info (Version 6; CDC) [11] . In the multivariate analysis, stepwise logistic regression modeling techniques were applied to identify independent determinants of anti-HEV reactivity and to estimate their joint influence, using Statistical Analysis System software (SAS Institute).
Results
Study population. Of study participants, 264 were in the occupational exposure and 255 were in the comparison group. The mean age of each group was 38 years; there was no significant difference in age distribution (data not shown), and fewer women were in the occupational exposure group than in the comparison group (54.9% vs. 66.7%, respectively; P , :05). Of persons occupationally exposed to swine, 94.3% were born in Moldova and 88.6% spoke Romanian, compared with 87.4% and 82.4%, respectively (P . :05), of persons without occupational exposure.
Prevalence of HEV infection. Overall, the prevalence of anti-HEV was higher in the occupational exposure group than in the comparison group (51.1% vs. 24.7%; prevalence ratio, 2.07; 95% CI, 1.62-2.64; P , :0001; table 1). In addition, the anti-HEV level was higher in the exposed group than in the comparison group (median S/C ratio, 2.9 vs. 1.6; P ¼ :0001).
In univariate analysis, no associations were found between prevalence of infection and sex (data not shown). In both groups, anti-HEV reactivity was associated with age. In the occupational group, persons aged .40 years had a significantly higher prevalence of HEV infection than persons aged 18-30 years (65.7% vs. 40.0%; P ¼ :0006). A similar pattern of association of anti-HEV reactivity with age was noticed in the comparison group (33.3% vs. 17.9%; P ¼ :03). Anti-HEV prevalence among swine farm employees with a low or high level of education, 62.4% and 57.7%, respectively, was significantly higher than that among swine farm employees with a middle level of education, 30.3% (P , :0001). No association between anti-HEV seroreactivity and educational level was found in the comparison group.
Potential risk factors for infection were examined, to determine whether there were associations with anti-HEV prevalence. In the occupationally exposed group, there was a lower prevalence of HEV infection among persons who had water piped into their home, either exclusively or in conjunction with a well-water source (45.3%), compared with those who had only well water (62.0%; table 1). In the occupationally exposed group, the prevalence of HEV infection was significantly lower among people who reported civilian travel abroad during their lifetime (41.6% vs. 64.5%; table 1). In the comparison group, anti-HEV prevalence was higher among persons whose military service included being stationed in areas endemic for hepatitis E (table 1) .
Among persons with occupational exposure to swine, close contact, such as cleaning barns and/or assisting sows at birth, was strongly associated with an increased prevalence of anti-HEV, whereas butchering swine was not associated with infection (table 1). In Moldova, the rural population often raises swine in the household. Among 264 persons with occupational exposure to swine and 255 persons in the comparison group, 246 and 96, respectively, raised their own swine at home. Among persons raising swine at home, cleaning barns and/or assisting sows at birth was not associated with HEV infection (table 1). In both the occupational and the comparison groups, butchering animals at home was not associated with HEV infection (table 1) .
In a multivariate analysis, HEV infection was independently associated with cleaning barns and/or assisting sows at birth and with length of time working on a commercial swine farm, age, and a history of drinking raw milk. HEV infection was not associated with civilian travel abroad and having piped water in the household (table 2) .
Discussion
This cross-sectional study of 2 group-matched populations in an area in which hepatitis E is not endemic found a higher prevalence of HEV infection among commercial swine farmers than among persons not exposed to swine occupationally. The risk of HEV infection was independently associated with increasing age, length of time employed in swine husbandry, and close contact with animals or animal waste, such as cleaning barns or assisting sows at birth. In addition, levels of anti-HEV were significantly higher among persons with occupational exposures than among persons without such exposures, an observation that is consistent both with repeated virus exposure and antibody boosts and with a larger initial virus exposure. Swine-related HEV infection has been identified in the United States in humans and pigs [1, 5] . In addition, experimental infection of swine occurs in the absence of clinical symptoms; however, virus is shed in the feces [5, 12] . Although HEV has not been identified in pigs in Moldova, the results of this study suggest its presence. Current swine waste-disposal practices could be such that low-dose human exposures occur that do not result in symptomatic infection. The substantial prevalence of anti-HEV in a country that is not endemic for hepatitis E may reflect unrecognized subclinical HEV infection in humans.
Civilian travel outside the country and use of a centralized running water supply exclusively or in addition to a well-water source at home were not associated with HEV infection. A recent study has indicated that civilian travel from the United States to HEV-endemic countries is associated with anti-HEV seroreactivity [13] . In contrast, in our study, the lack of association of civilian travel outside of Moldova with anti-HEV positivity among persons occupationally exposed to swine reflects personal travel to countries in which no cases of hepatitis E are identified (e.g., Ukraine, Baltic Republics, and Russia) and may Of interest, drinking unpasteurized cow's milk was found to be a risk factor for infection in persons with and without occupational exposure to swine. Data from other countries showed that 29% of cows from HEV-endemic regions were anti-HEV positive, compared with 11.9% in nonendemic areas [14] , which suggests that these animals acquire HEV infection and may be a source of infection for humans, although additional studies are needed to confirm this hypothesis.
The prevalence of HEV infection in human populations appears to reflect the prevalence of anti-HEV among domestic animals in HEV-endemic and -nonendemic areas [5, 12] . A conclusive body of data supports the zoonotic nature of HEV infection [1, 5, 12, 14] . The present study has shown that, in a country in which hepatitis E is not endemic, persons who are occupationally exposed to swine are twice as likely to have serologic evidence of HEV infection than persons without occupational exposure. Although symptomatic infections with HEV appear to be rare in the absence of vernacular fecal contamination of water supplies [1, 2] , the apparent ease with which this infection is transmitted to humans is suggested by this and other studies [13, 15] . These findings are important in developing HEV infection control strategies, which should take into account the interaction between human and animal populations.
